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Sulfate

Much of the sulfate in ground water is derived from the oxidation of
sulfide minerals in the rocks. GCoal-mining operations frequently produce
large quantities of sulfurie acid by exposing pyrite-bearing rocks to air
in the presence of water., The a¢id mine-drainage is ultimately neutraliz-
ed by chemical reaction with rock material and bicarbonate water, produc-
ing metalli¢ sulfates in solution. Some of the smaller streams in the
area contain sulfate concentrations at low flow that exceed 1,000 parts
per million. As there is an interchange of water between valley alluvium
and streams, it would be expected that the median sulfate concentration
of water from the unconasclidated rocks would be higher than in the case
of the consolidated rocks. (See fig, 15). The few bedrock wells which
yield excessive sulfate can be explained by the oxidation of sulfide min-
erals in the vicinity of the well bore and are mot, therefore, necessari-
ly atiributable to mining.

Fluoride

Fluoride concentrations in water from consolidated and unconsolidated
rocks of the Vigo-Clay County area are shown in figure 16, Water produc-
ed from the consolidated rocks shows a definite relationship between
hardness and fluoride concentration-~the hard waters having a deficiency
and the soft waters having an excess. This phenomenon can be readily ex-
plained if it is assumed that most of the fluoride is derived from calci~
um and magnesium fluoride minerals disseminated throughout the rocks. TIf
a water poor in calcium and magnesium ions, but rich in sedium and potas-
sium ions, 18 in contact with these minerals, the minerals will tend to
be dissolved., In the section on hardness it was shown that hardness de-
creases with depth in the consolidated rocks and that deep wells in
Middle and Upper Pennsylvanian aquifers of Vigo County generally yield
gofter water than those in Lower Pennsylvanian aquifers in Clay County.
The latter condition would explain the higher fluoride concentrations for
Vigo County.

Chloride

Chloride concentrations in water from wells in the Vigo-Clay County
area range from near zero to several hundred ppm. The upward migration
of sodium chloride waters from deep brine-bearing rocks is the most pro-
bable cause of the higher concentrations. In some instances, migration
has been intensified by the drilling of oil and gas wells, affording an
easy path for upward movement. In wells bottomed in the bedrock beneath
the Wabash River, salty water can probably be encountered at depths of
slightly over 100 feet. 1In the upstream portions of tributaries the
depth to salt water beneath stream level is usually in the 150- to 350-
foot range.
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Most of the matural seepage of salt water is discharped at the bed-
rock surface in valleys where it is diluted rapidly to less than the re-
commended maximm concentration. In the "Maryland Heights" area south
of Terre Haute, excessive chloride has been noted in alluvial wells hav-
ing depths of 48 to 76 feet, This occurrence appears to be due to con-
tamination from nearby oil fields.

SUMMARY AND CONCLUSIONS

Vigo and Clay Counties lie principally in the Wabash Lowland physio-
graphic province of west-central Indiana. Consolidated and unconsolidaied
rocks of Mississippian, Pennsylvanian and Quaternary ages immediately
underlie the area.

The Pennsylvanian rocks of the Vigo-Clay County area contain six
sandstone bodles which are extensive emough to be considered important
aquifers. These aquifers are designated units 1 through 6 in accordance
with thelr stratigraphic position and occur at regular intervals through-
out the Pennsylvanian rocks. Yields from wells in these aquifers average
6.6 gpm and rarely exceed 20 gpm. Due to wide local wvariation in thick-
ness, no regional value for transmissibility is given, however, this
value may be calculated locally. The total amount of water in storage in
the mapped areas of all bedrock aquifers in the area is approximately 523
million gallons, and the estimated potential recharge is 7 mgd. The
total estimated current withdrawal is 1.8 mgd.

Aquifers in the consolidated rocks are generally thin and of relative-
ly small permeability. Yields from wells in these aquifers are, therefore,
correspondingly low. The amount of water normally produced from these wells
is adequate for farm, domestie, small industrial, and, in some cases,
small municipal supplies. Any attempt te obtain the production necessary
to supply large industries or large mumicipalities would seem to be high-
ly impractical. The importance of the consolidated rock aquifers, how-
ever, lies in the fact that over much of the two-county area they conasti-
tute the sole source of potable ground water.

The unconsolidated deposits in the Vigo-Clay area are mostly Pleisto-
cene in age and yield water chiefly from coarse-textured sand and gravel
deposits. These sand and gravel aquifers occur almost exclusively as
glacial outwash deposited in the Wabash and Eel River valleys. The
Wabash River valley aquifer is the best and most extensive aquifer of the
entire two-county area. A detailed analysis of the Eel River valley
aquifer is not possible due to insufficient data.

The Wabash River wvalley aquifer forms a single complex hydreclogic
system which may be subdivided into two major areas--an unconfined area
adjacent to the river and a confined area beneath the till to the east.
Yields from wells in the unconfined area average 660 gpm with yields as
high as 2,700 gpm reported. The estimated regional value of transmissi-
bility is 72,000 gpd per foot. Wells in the confined area yield an aver-
age of 25 gpm with maximum yields of 40 to 45 gpm noted. The regional
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value of transmissibility is estimated to be 5,100 gpd per foot. The
total amount of water in storage in this aquifer in the Vigo-Clay area is
approximately 367,800 million gallons and the estimated potential recharge
is 68 mgd. The estimated current withdrawal is 22,2 mgd.

The unconfined area of the Wabash River valley sand and gravel aqui-
fer is the most productive of the entire two-county area. However, due
to its relatively limited lateral extent, the tremendous amount of potable
water gtored in this aquifer is available to only a small part of the area
and only a fraction of its potential is now being developed. Its poten-
tial is considered sufficient as an available source of supply to satisfy
the demands of large industries and large municipalities, The potential
of the confined area of this aquifer is substantially less than that of
the unconfined area but considerably greater than that of the consolidated
rock aquifers. Therefore, production from available sources is considered

adequate for the requirements of moderate-sized industries and municipali-
ties.

The water from the unconsolidated rocks and shallow consolidated
rocks is usually a calecium bicarbonate water, whereas the water from
deep wells in the consolidated rocks is a sodium bicarbonate water. The
mineral content of water in the consolidated rocks generally increases
with depth., At depths from about 100 to 350 feet below stream level,
water containing excessive chloride is frequently encountered. Excessive
fluoride concentrations are common in wells which yield very soft water.

GLOSSARY

Hydraulic Coefficients (after Ferris and others, 1962)

Permeability, Field Coefficient of,--Measure of a material's capacity
to transmit water; expressed as rate of flow of water in gallons per day
through a cross-sectional area of 1 square foot under a hydraulic gradient
of 1 foot per foot at the prevailing water temperature.

Storage, Coefficient of.--Volume of water released from or taken into
gtorage per unit surface area of the aquifer per unit change in the compon-
ent of head normal to that surface.

Transmissibility, Coefficient of.--Rate of flow of water, at the pre-
vailing water temperature, in gallons per day, through a vertical strip
of the aquifer 1 foot wide extending the full saturated height of the
aquifer under a hydraulic gradient of 1 foot per foot.
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